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Abstract 
Patterns of behavioral development in closely related North American Canis have been studied 
extensively. Developmental trends have been used to assess species-typical social organization and 
taxonomic relationships in wolves (C. lupus) , coyotes (C. latrans) and domestic dogs (C. familiaris) . 
Despite its species designation, the taxonomic status of the closely related red wolf (C. rufus) is fiercely 
debated and a hybrid origin (C. lupus x C. latrans) bas been proposed. The objective of the current study 
therefore was to analyze growth and behavioral development patterns in the red wolf and perform general 
comparisons to trends previously documented in wolves and coyotes. 
Two captive born red wolf (Canis rufus) litters (litter 1: n=5 pups, 2 adults; litter 2: n=4 pups, 2 adults) 
were observed from 28-50 days of age. Data were collected on the form, frequency and duration of select 
pup-pup and pup-adult social interactions as well as pup-object play. Growth patterns and trends of 
physical development were also examined in litter 1. 
Growth patterns were consistent with that reported for other closely related canid species: age at eye-
opening, age of independent urinary and defecation control, and the consumption of solid food were 
similar to that documented for wolves and coyotes. Red wolf pup weights were intermediate to that 
described for wolves and coyotes. Teeth erupted on average later and in a different order than that 
previously described in coyotes. 
Observed behavioral trends were intermediate to that of coyotes and wolves and shared characteristics of 
each. The form of pup behavior patterns did not differ qualitatively from that previously documented for 
either gray wolves or coyotes. However, pups simultaneously exbibited"species-specific" behavior 
patterns previously attributed to both wolves (leap leap, prolonged jaw wrestling) and coyotes (inguinal 
response, defensive gape). Early red wolf social interactions were predominantly agonistic and primarily 
in the form of threats rather than overt aggression. There was no evidence of a dominance hierarchy in 
either litter. In both litters, the frequency of play increased concurrently with a decrease in frequency of 
agonistic interactions. Individual differences were not noted in the frequency of play or aggression in 
either litter; however, the two litters differed significantly in the frequency of play and aggression. 
Object play followed the differential development of play and aggression. Early object play wac; non-
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social (pup-object) and peaked during the transitional period during which the frequency of aggression was 
decreasing and social play increasing. Social object play (pup-pup-object) was observed later in 
development as reciprocal social play also increased. 
Adult-pup interactions varied by litter. In general, pups spent more time in proximity to the female than 
the male throughout the study period in both litters; however proximity to each adult changed over time. 
Initially, pups spent more time in proximity to the female. As pups aged, the amount of time spent in 
proximity to the female decreased while proximity to the male and both the male and female increased. In 
litter 1, adult-pup agonistic interactions were observed almost to the exclusion of other interactions. 
Conversely, investigative and afflliative interactions predominated in litter 2. In both litters, male-pup 
interactions were frequent. 
In sum, the patterns of physical and behavioral development in the red wolves observed in this study share 
similarities with both gray wolves and coyotes. Therefore, the data presented do not exclude a hybrid 
origin hypothesis. Suggestions for further research include the development of play and agonistic action 
patterns from days 21-28 as well as post 50 days of age, further investigation of subtle indicators of 
dominance and increased numbers of subjects. 
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Behavioral Development in Canis 
Chapter 1 
Introduction 
The development of social behavior has been studied extensively in canids. Developmental patterns have 
been linked to adult reproductive success, dispersal patterns and species-typical social organization 
(Bekoff 1977a; Bekoff 1977b; Bekoff et al. 1981; Biben 1983; Bekoff et al. 1984; Bekoff and Byers 
1985; Bekoff 1989). Additionally, behavioral phenotypes expressed during development have also been 
used to assess or establish taxonomic relationships among closely related species (Bekoff 1972a; Bekoff et 
al. 1975; see review in Bekoff 1977a). North American Canis species in particular (C.familiaris, C. lupus 
and C. latrans) have been the focus of much of this research due to their close phylogenetic relationship, 
playful nature and varied social lifestyle (Kleiman 1967; Scott 1967; Bekoff 1972; Bekoff 1978; Bekoff 
1989). 
In general, Canis development has been categorized into four stages: the neonatal period (birth - 2 weeks 
of age; maturation of the nervous system), the transitional period (2-3 weeks of age; rudimentary adult 
behaviors appear), the socialization period (3-12 weeks of age; social relationships are established) and the 
juvenile period (12 weeks to sexual maturity; social independence is achieved) (Scott & Fuller 1965; 
Bekoff 1978). Despite sharing common developmental stages, it has been demonstrated that even closely 
related Canis species differ significantly in the form and frequency of behavior as well as the time course 
of socialization (Scott & Fuller 1965; Snow 1967; Silver & Silver 1969; Bekoff 1972; 1974a; Bekoff 
1974b; Fox 1978; Willkomm 1990; Biben 1983). 
The basic behavioral repertories of Canis species are almost identical (exceptions noted below), although 
the relative frequency of some acts varies across species (Scott 1967; Bekoff 1974a; Bekoff 1974b; Bekoff 
1978). In general, the less social North American canids (e.g. coyotes) show more rapid motor 
development than wolves or domestic dogs (Bekoff 1978). The relative frequency of aggressive vocaliza-
tions, defensive gapes and passive submission is higher in coyotes than in same aged beagles or wolves 
(see Table A-1 for behavioral defmitions). Conversely, wolves and domestic dogs engage in much more 
"sexual play" (mounting with pelvic thrusting) than do coyotes. Additionally, several species-specific 
action patterns have been documented (e.g. leap leap (wolf) and inguinal response (coyote) (Bekoff 1972; 
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Bekoff 1978). In general, (with the exception of sexual play), there do not appear to be any sex differences 
in the development of Canis behavior. 
In addition to the differences in the frequency of occurrence of specific action patterns, there are marked 
species differences in the ontogeny of social interaction in Canis during the third-seventh week of 
development. Coyotes exhibit serious rank-related fighting during the fourth to fifth week of development 
and do not interact "playfully" until a dominance hierarchy is established (Bekoff 1974a; Bekoff 1981). 
Conversely, wolves play early in development (Bekoff 1974a) and do not show rank-related aggression 
until at least 6 months of age or older (Mech 1970; Zimen 1982). Table 1 outlines the patterns of 
behavioral development that have been used to differentiate wolves and coyotes. 
Parent-Offspring Behavior in Canis 
Canid parents provision for and protect young. Direct care may include resting and huddling with young, 
grooming and cleaning, carrying, retrieving, providing food, defending babysitting and playing or 
socializing with offspring (Malcolm 1985; Kleiman & Malcolm 1981). Indirect care includes behaviors 
which could benefit offspring even if there was no direct interaction between the adult and young, such as 
den construction, giving alarm calls and maintaining a territory (Malcom 1985). Through both direct and 
indirect interactions, canid parents are thus a substantial factor in the socialization process (Hofer 1981). 
In any given social interaction, the behaviors of pups with an adult depends on the adult's usual behavior 
towards the pup as well as the context of the interaction. Persistent patterns of parental care though, 
combined with ecological factors, may contribute significantly to species-specific social organization 
(Fentress et al. 1987). 
Much has been documented on both paternal care and adult-pup interactions in North American Canis 
(Mech 1970; Bekoff 1978; Bekoff & Wells 1980a; Bekoff & Wells 1980b; Fentress & Ryon, 1982; 
Fentress et al. 1987). While patterns of parental care differ between the closely related gray wolf and 
coyote, few detailed data exist on parental behavior in red wolves. 
Among coyotes, care of the young is primarily accomplished by the female, with the sire and non-breeding 
helpers feeding the pups rarely (Bekoff & Wells 1980a; 1980b). In captivity, Bekoff (1978) determined 
that agonistic interactions between parents and offspring occurred almost to the exclusion of playful inter-
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Table 1. Documented species differences in gray wolf and coyote behavioral ontogeny 
Behavior 
Behavioral Repertoire 
Sexual play 
Marking behavior 
Inguinal response 
Lea!>' leap 
Agonistic Behavior 
Timetable 
Form 
Passive submission 
Active submission 
Aggressive vocalization 
Defensive gape 
Rank-related aggressioo 
Standing over 
Social Play Behavior 
Timetable 
Use of play intention signals 
Rank·related play soliciting ability 
Dominance Helrarchy 
Sources: 
Gray Wolf 
Frequent; can appear as early as 4 weeks of age "' 
Observed as reach sexual maturity 1 
Very infrequent •• 
Observed infrequently; a species-specific behavior '·' 
Follows development of social play '·"' 
Ritualized threat behavior; limited severe fighting Ul 
Frequent t» 
Frequent ' 
Infrequent ., 
Rarely observed '·"' 
Not observed prior to 50 days of age (occurs during 
latter part of first year) ttl 
Observed in both playful and agonistic contexts "' 
Precedes development of agonistic behavior 1·"' 
Precede play bouts with play intention signals 30% 
of the time ' 
N/A; no dominance heirarchy present at this age 1•2 
Established later in development; post 50-days '·"' 
Coyote 
Infrequent; does not appearuntil14-15 weeks of age 
., 
First observed from 94 days-44 weeks of age (leg-
lifting in males); 22-44 weeks (scrape marking) ' 
Frequent: a species-specific behavior t • 
Never observed: not part of the species behavior 
repertoire '-' 
Precedes development of social play tl 
Severe aggression; bites uninltibited '·' 
Rarely observed » 
Rarely observed ' 
Frequently observed; days 21-28 particularly "' 
Frequent » 
Observed during 4-5 weeks of age "' 
Observed predominantly in agonistic contexts ., 
Follows development of agonistic behavior '·' 
Precede play bouts with play intention signals 90% 
of the time ., 
Higher ranking individuals less successful in 
initiating play than lower-ranting ones ' 
Established early in development by agonistic 
encmmters 11 
1 Mech, L.D. 1970. The Wolf: Ecology of an Endangered Species. New York: Natural History Press. 
2 Bekoff 1972. An ethological study of the development of social interaction in the genus Canis: A 
dyadic analysis. Ph.D. dissert., Washington Univ., St. Louis, Miss. 
3 Bekoff 1978. Behavioral development in coyotes and Eastern coyotes. In: M.Bekoff, ed. Coyotes: 
Biology. Behavior and Management, pp. 97-126. New York: Academic Press. 
4 Fentress & Ryon 1982. a long-term study of distributed pup feeding in captive wolves. Pp. 238-261 In: 
F.H. Harrington and P.C. Paquet eds. Wolves per&peetives of behavior. ecology and conservation. Park 
Ridge, NJ: Noyes Publications. 
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actions. Fentress et al. (1987) noted affiliative interactions such as muzzle-muzzle contacts, tail wags and 
paw-raising between coyote pups and adults; however, specific playful interactions were not recorded. 
Parental care in captive and wild wolves has been documented as more communal, with all pack members, 
including the sire, helping to feed the young (Mech 1970; Zimen 1982). Furthermore, adult (male and 
female)-pup playful interactions have been widely documented (Mech 1970; Fentress & Ryon 1982). 
Object Play 
Interactions with the physical environment are also an important component of socialization in young 
mammals. The proposed functions of play in general varies (Loizos 1966; Bekoff & Beyers 1981; Fagen 
1981), though object play is commonly considered a distinct category of play (Burghardt 1984; Bekoff & 
Beyers 1981). Object play may result from boredom or vacuum activity, or may serve a function, such a<; 
species-specific predatory training (Biben 1982; Martin 1984). Additionally, interspecific variations in the 
form of object play have been related to species-specific prey recognition (Rasa 1971) and treatment of 
prey as well as social organization (Biben 1982). For example, the behavioral repertoire of the highly 
social bush dog was found to be more limited than those of the maned wolf and crab-eating fox (Biben 
1982); however a high frequency of group object play and noncompetitive pup-object activities was 
hypothesized to correlate with the species' group hunting and sociality. 
No data exist on the ontogeny of object play in red wolves. Furthermore, few studies have evaluated the 
development of the form and frequency of object play in relation to the time course of the development of 
non-object social interactions, both agonistic and playful. Such studies, particularly in a species in which 
there exists a differential time course in the development of play and aggression may help elucidate the 
role of object play in the socialization of the species. 
The Red Wolf 
Extensive controversy surrounds red wolf taxonomic status (Wayne & Jenks 1991; Wayne & Gittleman 
1995) and the continued federal protection allotted to C. rufus and to hybrid species in general (Gittleman 
& Pimm 1991; O'Brien and Mayr 1991). Previous systematic approaches have resulted in conflicting 
conclusions concerning the taxonomy of C. rufus (Lawrence & Bossert 1967; Atkins & Dillon 1971; 
Paradiso & Nowak 1971; 1972; Wayne & Jenks 1991). Evaluations of red wolf taxonomy have used 
various techniques and include gross physical size and form, skull and brain morphology, vocalizations, 
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chromosomal karyotyping, both mitochondrial and nuclear DNA as well as general ecological and 
behavioral considerations (see review in Wayne et al. 1998). Goldman (1937), however, concluded that 
the red wolf was a distinct species and despite renewed controversy emphasizing a probable hybrid origin 
(C. lupus x C. latrans) (Wayne & Jenks 1991; Roy et al. 1994; Wayne et al. 1998), red wolves are 
currently identified as a distinct canid species. 
Data on both the ecology and general behavior of red wolves is somewhat limited. Shaw (1975) 
determined group size for red wolves to be from 1-7 individuals. In light of this large group size range, 
researchers had originally speculated that the social organization of red wolves was between the predomi-
nantly though sometimes solitary coyote and the tightly pack-oriented gray wolf (Phillips, pers. comm.). 
More recently, however, due to preliminary results from the Alligator River National Wildlife Refuge rein-
troduction site (Phillips & Henry 1992), red wolf social organization seems to be very similar to that 
documented for gray wolves (Mech 1970). Reintroduced red wolves are occupying and maintaining 
territories, engaging in agonistic encounters with strange conspecifics resulting in wolf-wolf mortality, and 
feeding on large prey such as white-tailed deer. It has also been documented that yearling and 2-year old 
wolves restrict their movements to their natal home range, associate with their parents, and assist with pup-
rearing. Shaw (1975) concluded that red wolf groups were predominantly unstable, and numerous cases of 
intraspecific mortality in the wild have been documented by recovery personnel (G. Henry pers. comm.). 
General behavioral data on red wolves are extremely limited and include only the angle at which the tail is 
held, running style, bedding preference and facial expression during threat postures, and finally aggression 
levels at traps (Paradiso & Nowak 1972; Shaw 1975). 
No data currently exist on the development of red wolf social behavior. A general analysis of the 
development of red wolf social behavior then may be useful in not only elucidating taxonomic relation-
ships among the closely related canids (wolf, coyote and red wolf), but also in analyzing developmental 
factors which may correlate with the fore-mentioned species-specific sociality. 
Study Objectives 
Table 1 outlines the significant differences previously documented in the behavioral development of 
wolves and coyotes. Using these data, the following objectives and hypotheses were established to describe 
the general patterns of growth and behavioral development in the red wolf: 
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(1) Develop an ethogram of red wolf social behavior 
Utilizing established wolf and coyote ethograms (Loeven 1993; Bekoff 1972; Knight 1978, 
Lyndaker 1978; and Lindsey 1987) as references, a detailed ethogram was developed for red 
wolves. Pup-pup and pup-adult action patterns were described,along with the age at first 
appearance and the relative frequency. 
(2) Describe red wolf physical development 
The age at first eye opening, changes in weight over time and tooth eruption order 
were documented. The emergence of independent urination and defecation were also be 
documented. 
(3) Describe the development of s~ial play and agonistic interactions in red wolves 
Age-specific trends in the frequency of play and aggression were documented. 
Analyses examined changes over time in the frequency of both play and aggression as well as 
relationships between the development of the two interaction types . Changes in the form of both 
play and aggressive action patterns over time were also analyzed as well as individual differences 
in frequency of play and aggression. Finally, the presence or absence of a dominance hierarchy 
was noted. 
H0 The form, frequency and time of first appearance of C. rufus behavior patterns 
do not differ significantly from those documented for C. lupus and C. latrans. 
H 1 The form, frequency and time of first appearance of C. rufus behavior patterns 
differ significantly from those documented for C. lupus and C. latrans. 
(4) Describe the development of red wolf object play 
The frequency and duration of both non social (pup-object) and social (pup-pup- object) object 
play was documented. Additionally, the development of object play was compared to non-
object social interactions (specifically the ontogeny of play and aggression). 
Ho No differences exist in the frequency or form of object play between C. rufus 
and that documented for C. lupus and C. latrans. Differences indicate the 
following hypotheses: 
1. Trends showing a rich repertoire of object play patterns, defense of objects, 
high frequency of solitary rather than group object play, and low frequency of 
object play relative to non-object oriented social interactions indicate 
solitary social organization. 
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2. Trends showing few object play patterns, sharing rather than 
defense of objects, and equal frequency of object-oriented social interactions compared 
to non-object oriented social interactions indicate grouped social organization. 
(5) Describe parent-offspring interactions in early red wolf ontogeny 
The form and frequency of adult-pup interactions was documented. Developmental changes in 
the actor (adult male or female) was examined and comparisons made between adults in the 
form of pup-directed activity. 
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Subjects 
Chapter 2 
Methods 
Subjects were two family groups of captive red wolves housed at the Knoxville Zoological Gardens, 
Knoxville, Tennessee (2 adults, 4 pups) and Fossil Rim Wildlife Center, Glen Rose, Texas (2 adults, 5 
pups). Table 2 lists the sexes of the animals, the identification codes used, birth origins, and ages. Pups 
were shaved (by zoo personnel) on the head and body using handheld grooming clippers to allow for 
individual identification. Pups were shaved every two weeks throughout the study period. Shaved areas 
averaged 5cm x 10 em each. Adults were discriminated by markings, size and anatomical features . 
Captive Management and Housing 
Subjects were held in large naturalistic enclosures (Figures 1 and 2) equipped with artificial den 
structures. Available play items included natural objects such as sticks, logs, rocks and leaves. Animals 
were fed high quality protein dog food (ad libitum, Knoxville Zoo and Fossil Rim) and water ad libitum. 
Subjects at the Knoxville Zoo were also supplemented with Nebraska canine diet. Enclosures were 
maintained daily by zoo personnel at both facilities . Routine maintenance included visual inspections of 
all subjects, feeding , watering and cleaning the yards. Husbandry practices and diet are standardized 
through the Red Wolf Species Survival Plan© and did not differ significantly between locations. Zoo 
personnel weighed and shaved pups once weekly and visually inspected for tooth eruption from days 7 to 
50 (Knoxville only). These invasive procedures were conducted without anesthesia while minimizing 
direct contact and handling time. Procedures were also conducted without the author present and outside 
of observation times to lessen effects on behavior. 
Observational Methods 
Subjects were observed daily from day 28 of age (Fossil Rim) and day 31 (Knoxville) through 50 days of 
age. Observations were conducted from April-June 1993 (Litter 2) and May-June1994 (Litter 1). 
Observations were conducted from approximately 1600-2100 from a location outside the enclosure 
(Figures 1 and 2) by the author. Focal animal sampling (continuous recording) (Altmann, 1974; Lehner 
1996) of pups was conducted up to 20 minutes per animal per day. Initial observation times were much 
less than 20 minutes due to the fact that pups ventured outside the den for only shon periods of time. The 
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order that subjects were observed was randomized daily and only the proportion of time that a focal animal 
was visible was used in analyses. There were no significant differences in the amount of time visible 
among individuals. 
Observations were recorded with a hand-held video camera. Additional comments were made into a hand-
held audio cassette player. While equipped with audio capabilities, the video camera was unreliable for 
recording low volume sounds such as aggressive or distress vocalizations due to the distance from the 
subjects and highway noise (Knoxville) . 
Video tapes were decoded using The Observer© (Noldus Technologies, Version 3.0), observational 
software to record the frequency and duration of behaviors in real-time. General notes were also recorded 
for each session. Behaviors observed and their definitions are listed in Table A-1. All social interactions 
were scored as dyadic interactions. Thus, if an interaction involved more than 2 participants, the action 
patterns were broken down into paired interactions. For all social interactions, the initiator, receiver, 
action patterns involved, and terminator were recorded. For analyses, pup-pup social interaction data 
were collapsed into five categories: play, agonistic, unsolicited play, general interaction and play soliciting 
(play + play-soliciting). General interactions included those interactions that were investigatory in nature 
(ano-genital investigation, Table A-1), too ambiguous to assign to a category or merely affiliative such as 
mutual chin resting, chewing etc. If a playful interaction (such as play-fighting) escalated into real 
fighting, the interaction was scored as both although the time in each category was specified. Furthermore, 
ano-genital investigation interactions that were clearly agonistic were scored as such. Likewise, unrecipro-
cated play bouts in which the initial approach was rebuffed and subsequently both pups used agonistic 
actions (threats, aggressive vocalizations, etc.) were scored as both an unreciprocated play bout as well as 
an agonistic interaction. If the pup that initially solicited play turned away following the rebuff rather than 
escalate the interaction to a fight, the interaction was scored as an unreciprocated play only. 
Pup-adult proximity data (proximity scored as within 1 body length or approximately 5 feet of dam, sire or 
both) were recorded in relation to the focal pup. Pup-adult interactions were categorized as general 
affiliative (play-soliciting, pup-directed general body bites, muzzle-muzzle contact, face-licking ), inves-
tigative (ano-genital investigation, sniffmg) or agonistic/disciplinary (including at least one full or 
inhibited bite). Adult-pup behaviors were mutually exclusive and including a null category, accounted for 
12 
100% of observation time. 
Analyses 
Interactive behaviors were analyzed both as frequencies (acts/total social acts) as well as durations 
(percentage of observed time spent in an activity) . Since both play and agonistic bout lengths increase 
over developmental time, these statistics permitted analyses of the relative change in frequency between 
the categories of behavior over time. For direct comparisons with fmdings in previous studies (Bekoff 
1972a; 1974a; 1974b; 1978), all data were lumped into three temporal periods (days of age 29-35, 36-42, 
and 43-50) and reported as medians. Data were analyzed both within and between litters to assess weekly 
trends. Friedman two-way analyses of variance by ranks tests were used to assess trends within each litter 
over time while the Kruskal Wallis one-way analysis of variance by rank test was used to assess 
differences among individuals within a litter. The Mann-Whitney U test was used to analyze sex 
differences. To assess differences in trends between the two litters, the Wald-Wolfowitz runs test was 
used. Finally, to test for differences between the male and female in parental care, the Wilcoxin matched-
pairs signed ranks tests was used (Siegel, 1956; Sokal & Rohlf 1995). 
13 
Chapter 3 
Results 
Results are presented in the following categories: physical and early development, action patterns, non-
object play and agonistic behavior, object play and adult-pup interactions. Within each category, general 
trends, individual and litter differences (if any) are noted. 
Physical and Early Development 
Quantitative physical data were obtained by the animal keepers from subjects in Litter 2 (n=4) and include 
length at one week, weekly weights (days 7-50, Figure 3) and tooth eruption order. Mean age at eye-
opening was 13.2 days (range 12-14, s.d.=.957). Mean body length (top of head to base of tail) at seven 
days of age was 23.4 em (s.d=l.6). Teeth erupted in the following order: upper canine (x=13.2, s.d=l.5), 
lower canine ((x=16.0, s.d.=l.4), upper (x=19.5 , s.d.=l.7) and lower incisor (x=19.5 , s.d.=l.O). 
Additionally, zoo personnel observed the ftrst independent urination and defecation on days 7 and 17 
respectively. Comparable data were not available for Litter 1. 
Pups were ftrst visible in the den entrance on day 27 (litter 2) and day 28 (litter 1). Early forays at this 
time were limited to either peering outside the den or stepping immediately outside the entrance for a 
period of time not longer than a minute. Pups in both litters were somewhat unsteady on their feet at this 
age; however, litter 1 animals seemed much more so. Additionally, ears of several pups in litter 1 were not 
fully erect until day 34. No pup-pup interactions were observed until day 32 (litter 1) and 31 (litter 2) 
despite the fact that they had ftrst been visible several days earlier. On many occasions, pups were 
observed interacting in the den entrance; however, these interactions were either limited to mouthing or 
individuals were partially obscured. Table 3 lists additional developmental landmarks observed 
throughout the study. 
Action Patterns 
Litter 1 was observed for 69.5 hours; litter 2 was observed for 60.75 hours. All behavior patterns 
described in previous studies (Fox 1969; Fox 1971;Bekoff, 1972; Lehner 1978; Bekoff, 1978) were 
documented in the present study as well. Table 4 describes the action patterns observed in the red wolves, 
their relative frequency and comparative data on wolves and coyotes. 
14 
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Figure 3. Individual captive red wolf pup weight changes from 7-51 days of age in Litter 2 (Knoxville) 
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The ana-genital investigation behavior was observed. The leap leap behavior was observed in botb red 
wolf litters (n=4 individuals total) and was most often used as a play solicitor ratber tban as a distinct 
action pattern during play. The inguinal response behavior (a slight outward rotation of a hindleg to eitber 
physical stimulation or during an agonistic encounter (Table A-1; Bekoff, 1972; Bekoff 1974a; Fox, 
1971)), was observed infrequently in botb litters, and rarely observed outside of direct investigation of tbe 
ana-genital region by an adult or anotber pup. The majority of inguinal responses observed outside of 
direct ana-genital investigation occurred following direct physical contact (rubbing against anotber pup's 
body or an object). The defensive gape (ears folded back against tbe head coupled witb retraction of tbe 
lips to expose tbe teetb, Table A-1; Fox, 1970) was also observed. Jaw wrestling was observed frequently 
as pups aged and was seen as botb a predominant play activity as well as during ritualized fighting . 
Play and Agonistic Behavior 
Play 
Playful actions and play were observed from tbe beginning of observations in botb litters. Social play was 
distinguished from more general affiliative actions by tbe use of reciprocal play markers as previously 
described (Table A-1, Bekoff 1972; Bekoff, 1974b). Initially, playful actions took tbe form of unrecipro-
cated play in botb litters (Figures 4 and 5). At 29-35 days of age, tbe majority of play solicits were eitber 
ignored or rebuffed by tbe potential partner. In litter 1, unreciprocated play decreased in frequency from 
days 29-35 as reciprocal play increased during tbe same time frame. In litter 2, unreciprocated play 
increased from days 29-35 to days 36-42 and was exhibited at a higher frequency tban reciprocal play for 
tbe same time periods. 
Play solicitors were used to initiate reciprocal play 64.3% of tbe time in Litter 1 ( n=84) and 59.7% of tbe 
time in Litter 2 (n=186). In botb litters, tbe most frequently used play solicitor in successful bouts was tbe 
leap behavior (Litter 1, n=15; Litter 2, n=33) . The frequency of playful acts (play+ unreciprocated play 
acts/total social acts) did not vary significantly over tbe developmental period observed in litter 1 (X2=.40, 
d.f.=2, p=.82) and playful acts increased from days 29-35 to days 36-42, tben leveled off by days 43-50 
(Figure 6). The frequency of playful acts (play + unreciprocated play acts/total social acts)varied signifi-
cantly over tbe developmental period observed in litter 2 (X2=6.125, d.f.=2, p=.04) and playful acts 
increased steadily from days 29-35 tbrough days 43-50 (Figure 7). The percentage of time spent in play 
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\ 
also increased from days 29-35 t<>ftys 36-42 and then leveled off in litter 1 (Figure 8). Similarly, the 
percentage of time spent in play increased from days 29-35 to days 36-42 and then leveled off in litter 2 
(Figure 9). \ 
The type of play observed changed over time (Table 2, Figures 10 and 11). In both litters, locomotor and 
wrestle play were the predominant play types initially; multiple actor, ambush, updown and prone play did 
not appear until day 36 and later. Additionally, in both litters, prone play was the last play type to develop. 
Within both litters, individual differences in playfulness were not observed: there were no significant 
differences in the frequency of unreciprocated (Litter 1 H=4.207, d.f.=4, p= .. 37; Litter 2 H=l.57, d.f.=3 , 
p=.67) or reciprocal play acts performed across pups during the time periods observed (Litter 1 H=4.6, 
d.f.=4, p=.33; Litter 2 H=.682, d.f.=3, p=.88). Between litters, there were no significant differences in the 
proportion of unreciprocated play acts exhibited over time (Z=l.44, p=.15); however, litter 2 was signifi-
cantly more playful (proportion of play acts/total social acts) than litter 1 (Z=2.544, p=.01) (Figure 12). 
There were no sex differences noted across litters in the proportion of unreciprocated or reciprocal play 
acts, play-soliciting or the duration of time spent in play (Z=-.05, p=.95; Z=-.58, p=.56; Z=-.34, p=.73; and 
Z=-.68, p=.49 respectively) . 
Agonism 
Agonistic interactions were first observed at the beginning of the observation period in both litters 
(Figures 6 and 7). Initial agonistic interactions were primarily in the form of standovers and were distin-
guished from neutral or playful interactions by the use of aggressive and/or defensive vocalizations, erect 
postures and agonistic facial expressions. Unresolved fights (no clear "loser"observed by the subject' s use 
of passive submissive behaviors, distress vocalizations or retreat) began on day 32 (litters 1 and 2). Fights 
began to be resolved shortly thereafter in both litters on day 33. However, relatively few total fights were 
observed (Litter 1 n=84, Litter 2 n=42) and agonistic interactions took the form of threats in most cases. 
The frequency of agonistic interactions (as a proportion of all social interactions) did not vary significantly 
over the developmental period in litter 1 (X2=1.6, d.f.=2, p=.49). The frequency of agonistic interactions 
did vary significantly over the developmental period observed in litter 2 (X2=8.0, d.f.=2, p=.02). In the 
latter case, the proportion of agonistic acts decreased steadily from days 29-35 through days 43-50 (Figure 
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7). While the proportion of agonistic interactions decreased over time in litter 1, the rate of decline was 
not as dramatic as that in litter 2 where agonistic interactions were rarely observed in days 43-50. 
Quantitative individual pup differences in agonistic behavior were not observed; mere were no significant 
differences in the proportion of agonistic acts performed across pups (Litter 1 H=8.5, d.f.=4, p=.08; Litter 
2 H=l.95, d.f.=3, p=.58). However, there were litter differences in the proportion of agonistic behaviors; 
litter 1 was significantly more agonistic than litter 2 (Z=2.102, p=.03) (Figure 13). Sex differences were 
not observed across litters in the proportion of aggressive acts or the duration of time spent in aggressive 
acts (Z=-.94, p=.35; Z=-.956, p=.34 respectively) . 
Play and Agonistic Behavior Compared 
In both litters, agonistic interactions were more frequent than all other pup-pup interactions early in 
development (days 29-35) as measured by both the proportion of social interactions that were agonistic a<; 
well as the percentage of observed time (Figures 6, 7, 8 and 9). The proportion of reciprocal social play 
increased only after the proportion of agonistic behaviors had decreased (though the decrease in litter I 
was less dramatic than that in litter 2). Furthermore, during the same developmental period in which the 
proportion of agonistic interactions remained somewhat elevated (days 43-50), play-soliciting took the 
form of unreciprocated play rather than reciprocal social play in both litters (Figures 4, 5, 6 and 7). 
Object Play 
Object play was first observed early in development in both litters (Table 2) and peaked in frequency (a<; a 
proportion of total social acts) in litter I during days 43-50 and in litter 2 during days 36-42 (Figures 14 
and 15). There was no significant difference between time periods in the proportion of object play acts 
observed (object play acts/total social acts) in either litter {litter 1 x2=.4, d.f.=2, p=.8I ; litter 2 x2:.s , 
d.f.=2, p=.78). In both litters, the proportion of object play (object play/total social acts) increased concur-
rently with the increase in the proportion of playful pup-pup interactions and the decrease in the proportion 
of agonistic interactions. 
The form of object play bouts changed over time. Initially (days 29-42), object play bouts in both litters 
were primarily non social bouts (pup-object) as opposed to social object play bouts (pup-pup-object). 
Object play changed to a combination of both non social and social object play bouts during days 43-50 
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(Figures 16 and 17) (concurrent with the increase in reciprocal social play and the decrease in agonistic 
behavior in both litters, Figures 6 and 7). 
There were no significant differences in the proportion of object play bouts (object play/ total social inter-
actions) across individual pups in either litter (litter 1 H=3.78, d.f.=4, p=.44; litter 2 H=2.24, d.f.=3, 
p= . .53). There were also no significant sex differences noted across litters in the proportion of object play 
bouts or in the proportion of non social or social object play bouts (Z=-.14, p=.89; Z=-.77, p=.44; Z=-.59, 
p=.55 respectively.) However, the two litters did differ significantly in the proportion of total object play 
(as a proportion of all social interactions) over time (Z=2.544, p=.Ol) and in non social object play (as a 
proportion of all object play bouts) (Z=2. 764, p=.005). 
Adult-Pup Interactions 
In both litters, pups spent significantly more time in proximity to the female throughout the entire study 
period (Litter 1: Z=-2.067, p=.04; Litter 2: Z=-2.824, p=.004). However, proximity to each adult 
changed over time in both litters (Figures 18 and 19). Initially (days 29-35), pups spent more time in 
proximity to the female than the male. By days 43-50, however, the amount of time the pups spent in 
proximity to the female alone decreased, while time spent in proximity to the male as well as both the 
female and the male increased. These trends were not statistically significant (litter 1: proximity to adult 
female x2=2.8, d.f.=2, p=.25; proximity to adult male x2=2.8, d.f.=2, p=.25; proximity to both adult male 
and female x2=.4, d.f.=2, p=.82 and litter 2: proximity to adult female x2=.5, d.f.=3, p=.78; proximity to 
adult male x2=1.5, d.f.=2, p=.47; proximity to both adult male and female x2=.13, d.f.=2, p=.94). 
Adult-pup interactions took the form of disciplinary (involving at least one full or inhibited adult-pup 
directed bite), investigative (ana-genital investigation or sniffing) or afflliative interactions (play-soliciting, 
pup-adult directed general body bites, muzzle-muzzle contact, face-licking). The frequency and form of 
these interactions varied by litter. Similarly, the individual involved (adult male or female) differed 
between litters. 
While adult-pup interactions were observed less frequently in litter 1 compared to litter 2, male-pup inter-
actions were more frequently observed than female-pup interactions in both litters (Figures 20 and 21): in 
litter 1, adult-pup interactions were predominantly male-pup interactions across all time periods; in litter 2 
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30 
male-pup interactions only occurred at a higher frequency (interactions/total adult-pup interactions) than 
female-pup interactions during days 43-50. Pup discipline was performed by the adult-male in both litters: 
of all interactions including at least one bite (full or inhibited) directed towards a focal pup, significantly 
more were performed by the adult male than the female in both litters (litter 1: Z=-1 .604, p=.IO; litter 2: 
Z=-2.089, p=.04; Figures 22 and 23 respectively). In litter 1, agonistic interactions between parents and 
young occurred to the almost total exclusion of investigative or afflliative interactions. Investigative inter-
actions that were observed in litter 1 were performed by the adult male (Figure 24). Conversely, ana-
genital investigations were observed frequently in litter 2 and were performed by both adults (Figure 25). 
Very few affiliative adult-pup interactions were observed in litter 1 (Figure 26); however, the male in litter 
2 actively solicited play from and played with pups (Figure 27). Female affiliative interactions in litter 2 
were primarily muzzle-muzzle contacts and face-licks. 
No significant adult-pup preferences were noted in either litter in the duration of adult-pup proximities or 
the proportion of adult-pup interactions. Similarly, no adult-pup preferences were noted by sex of the pup 
in adult-pup proximities, the proportion of total interactions or in the proportion of ana-genital investiga-
tions, disciplinary bites or afflliative actions (Male-pup: Z=-.70, p=.48; Z=-1.23, p=.20; Z=-1.04, p=.29; 
Z=-.749, p=.45; Z=-.23, p=.81 respectively; Female-pup: Z=-.69, p=.49; Z=-1.23, p=.21; Z=-.25, p=.80; 
Z=-.16, p=.87; Z=-.06, p=.95 respectively). 
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Chapter4 
Discussion 
This study has quantified numerous factors related to the previously unknown patterns of red wolf social-
ization and ontogeny of early behavior. Table 5 and Figure 28 outlines these findings and compares these 
data to that previously documented in coyotes and wolves. 
Physical and Early Development 
Physical development data were obtained from one litter (n=4 individuals). The mean developmental age 
at eye opening is similar to that reported for coyotes and wolves while the order of tooth eruption differed 
(Table 5; Bekoff & Jamieson 1975). In the case of the red wolves, lower canines erupted before upper 
incisors while the two erupted concurrently (on average) in the coyotes. Red wolf teeth erupted on average 
later than that reported in coyotes (Bekoff & Jamieson 1975; Bekoff 1978). Delayed tooth eruption has 
also been reported in the eastern coyote (Bekoff 1978) and the domestic dog (Scott & Fuller 1965; Bekoff 
& Jamieson 1975). It has been hypothesized in both cases that the delayed tooth eruption is related to 
mixed ancestry. Red wolf birth weights were not available; however, throughout development the litter of 
red wolves was much heavier than that reported for coyotes, yet less than that reported for wolves (e.g. day 
30, coyoteS=867g, day 30, gray wolveS= 4,500 g. day 29, red wolveS=2172 g (Bekoff, 1978; Bekoff & 
Jamieson 1975; Mech 1970)). 
Age at first emergence from the den was similar to that reported for both coyotes and wolves (Table 5; 
Bekoff 1978; Mech 1970). Pups began eating solid food shortly after emerging from the den. ln some 
cases, actual consumption of food was difficult to determine since pups were seen mouthing food upon 
first encountering it. Two howls were noted during the study (both Litter 2), and the time course in 
development was similar to that reported for both coyotes and wolves (Table 5). Two behaviors bear 
mentioning since they have not previously been recorded in either wolf or coyote pups so young. A pup in 
litter 2 was observed to scrape-mark following defecation on day 43 . Despite numerous defecations 
recorded by other pups (in both litters), this behavior was only observed in the single individual. Simpson 
(1975) first observed scrape marking in coyotes much later, at 23 weeks of age. A pup in litter 1 was 
observed to "paw-raise" while investigating an unidentified scent on day 44; however, this behavior wa~ 
only observed one time. 
35 
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•Playful parent-young inter-
actions common 
•Leap leap behavior 
observed 
•Agonistic behavior in threat 
form 
•Aggressive vocalizations 
infrequent 
•Defensive gape rare 
•Rank-related aggression not 
observed 
•Standovers in both play and 
agonistic contexts 
•No rank-related play 
differences noted 
•Prolonged jaw wrestling 
observed 
SIMILAR TO BOTH 
COYOTE AND WOLF 
•Age at emergence from den 
•Age at eye opening 
•Form of behaviors observed 
•No sex differences noted 
eruption order 
•Frequency of 
use of play 
intention 
signals 
SIMILAR TO COYOTE 
•Inguinal response behavior observed 
•No sexual play observed 
•Agonistic behavior precedes 
development of play 
•Passive submission rarely observed 
•Active submission rarely observed 
•Social play follows development of 
agonistic behavior 
Figure 28. Red wolf behavior observed from 28-50 days of age categorized by similarity to behaviors 
previously documented in similar age gray wolves and coyotes. 
40 
A general discussion of the additional behaviors and events listed in Table 3 will be covered in the 
respective sections (e.g. development of social behavior, parent-offspring behavior). 
Action Patterns 
The form of red wolf behavior documented in this study did not differ from that previously reported for 
both wolves and coyotes (Fox 1971; Bekoff 1972; 1974a; Bekoff 1974b; Bekoff 1978; Mech 1970). 
Previous studies have indicated that the behavioral repertories of many juvenile and adult canids, as well as 
their hybrids, are markedly similar (Mech 1970; Fox 1971 ; Bekoff 1972). While the form of the behavior 
may not differ, species-specific differences have been identified in the observed frequencies of 
performance of these same behaviors (Bekoff et al. 1975; 1978). Therefore, several behaviors observed in 
the current study are worth discussion. The leap leap behavior (Table A-1) has been previously described 
as a species-specific behavior since it has been documented in wolves and dogs and not in coyotes 
(Bekoff 1972; 1978). This behavior was observed in the red wolf as a play-solicitor (though not all 
individuals performed this behavior). 
The inguinal response (Table A-1) is an action that has been observed exclusively in coyotes, hybrids with 
coyote ancestry, and Eastern coyotes (Fox 1971; Bekoff 1972). In the current study, red wolves performed 
this behavior in response to direct ano-genital stimulation by a pup or adult or direct contact to the inguinal 
region by another individual or object. In coyotes, the inguinal response has been termed a "behavioral 
inhibitor"( e.g. when a subordinate animal leans into a more dominant animal during an agonistic 
interaction, the light inguinal contact elicits an inguinal response from the dominant pup and subsequently 
terminates the interaction (while performing an inguinal response the animal is generally immobile)) . Red 
wolf pups performing an inguinal response did remain immobile; however, this behavior was observed 
almost entirely in the context of direct ano-genital (inguinal area) stimulation rather than during agonistic 
interactions. 
The defensive gape (Fox 1970) has also been categorized as a behavior specific to coyotes and not wolves 
(Table 5). The gape was observed (though relatively infrequently) in both red wolf litters. In all cases, the 
gape was observed only during serious agonistic encounters. Additionally, one individual in litter 2 
performed a "gape-like" behavior which differed qualitatively from that of the others in that the teeth were 
not exposed. 
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Jaw wrestling was observed in both litters as a component of wrestle play. Jaw wrestling has previously 
been observed more frequently in wolves compared to coyotes (Fox 1970). 
Ontogeny of Playful and Agonistic Action Patterns 
Several trends were noted in the two red wolf litters related to the development of play and aggression. In 
both litters, agonistic interactions preceded the development of reciprocal play (both as a proportion of all 
pup-pup social interactions as well as in percentage of time observed). A similar developmental trend has 
been noted in both wild and captive coyotes (Bekoff 1972; 1974a; 1974b; Bekoff et al . 1975; Fox et al . 
1976; Knight 1978; Bekoff 1984) and in a pair of wolf pups (Mech 1970), though some marked 
differences exist from that observed in the current study. In coyotes, the frequency of agonistic action 
patterns is highest from days 21-28, declines, and remains relatively stable (and elevated) from days 29-50. 
Wolves, on the other hand, show increasing levels of agonism from days 21-35 and peak aggression from 
days 36-42. Furthermore, relative levels of agonistic action patterns in coyotes are higher than that 
reported for wolves (Bekoff 1974b). The red wolves in this study exhibited peak aggression during days 
29-35, though without comparative data from days 21-28, it is not possible to know if agonistic action 
patterns are decreasing or increasing in frequency at this point (days 29-35). However, since playful action 
patterns in both litters did not become relatively more frequent than agonistic behaviors until days 36-42, it 
may be hypothesized that agonistic behaviors peaked during days 29-35, later than that reported for 
coyotes and earlier than that reported for wolves. Also, the frequency of agonistic interactions remained 
relatively high in litter 1 rather than decreasing steadily over time as in litter 2. 
Despite a peak in levels of agonism, the majority of agonistic encounters observed in the red wolves were 
in the form of threats and agonistic postures rather than true "fights." Previous studies of coyotes report 
agonistic action patterns in the form of severe fighting as early as 21 days of age which resulted in clear 
evidence of a "winner" and "loser" (Table 5; Fox & Clark 1971 ; Bekoff et al. 1981). Due to the relatively 
low numbers of true fights in the red wolves, there were insufficient data to quantitatively determine the 
presence or absence of a dominance hierarchy based on unambiguous markers such as dominations or 
passive submissive behaviors . 
The differences in the frequency of agonistic behaviors between litters could be attributed to both 
individual and environmental differences; the litter 1 adult male was significantly more aggressive 
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towards both the pups and the author than the litter 2 male. Also, captive conditions varied between the 
two sites. The pen which housed litter 1 was bordered by two pens also housing a pair of wolves each, 
while litter 2 wolves were the only Canis species on zoo grounds. 
The development of play behavior in the red wolf pups was similar to trends previously observed in 
coyotes; play-soliciting in the red wolf pups only resulted in reciprocal play following the decline in 
aggression in both litters (Table 5). In litter 1, where the relative level of aggression remained high, unrec-
iprocated play also remained elevated (more frequent than reciprocal play from days 43-50). In this litter, 
the prevalent "agonistic atmosphere" was evidenced by the fact that play-solicitors which were given out 
of sight of the potential play partner (e.g. a leap directed towards another pup while running behind it) 
were met immediately with threatening postures and action patterns. While statistically significant 
differences were not found in the ability of pups to solicit play as bas been documented previously in 
coyotes, there appeared to be marked differences among pups in litter 1. The play solicits of some 
individuals in this litter were routinely met with avoidance, submissive face paws, roll overs and passive 
submission. 
In both litters, play solicitors were used to initiate play a little more than half the time, though the 
percentage of play bouts preceded by a play solicitor was slightly higher in litter 1. In coyotes, which 
exhibit a relatively higher proportion of aggressive acts, play solicitors precede play bouts 90% of the time 
(Table 5; Bekoff et al 1975; Bekoff 1978; 1992). In the red wolf litter that was relatively more 
"aggressive" (litter 1), play bouts were preceded by play signals slightly more often than in the "more 
playful" litter 2. While there were no statistically significant differences in the ability to solicit play among 
pups, more aggressive individuals in both litters did have a harder time successfully soliciting play. On 
several occasions, a more aggressive pup would perform multiple play solicitors in succession to a 
potential partner. Each successive attempt was met by increased levels of submission or avoidance. Then, 
after exhausting their inventory, the soliciting pup would roll over next to its potential playmate (a very 
vulnerable position) and perform repeated face paws. 
In both litters, the type of play observed changed over time and seemed to be correlated to the differential 
changes in play and aggression. The relative frequency of close contact play (prone and updown) 
increased throughout development concurrent with the relative increase in play (and decrease in 
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aggression) for both litters. These changes in play type over time agree with that reported for wolves 
(Loeven 1993) with the exception of the relative decrease in the proportion of locomotor play in the red 
wolves. This fmding is probably a function of visibility; however, since for both litters, types of contact 
play were more likely observed due to their stationary nature. Even ambush/stalk play, while initiated by a 
rush or stalk, usually took the form of contact play following the initial approach. 
Object Play 
The development of object play also followed the differential development of play and aggression. Ohject 
play was observed early in development in both litters, which is consistent to that observed in wolves 
(Mech 1970; Loeven 1993) and coyotes (Ryden 1975 as cited in Biben 1982). Initially, object play took 
the form of non social pup-object bouts; the same developmental period during which levels of pup-pup 
aggression were highest. Additionally, in both litters, the peak frequency of object play occurred during 
the transitional period in which aggression was decreasing and reciprocal play was increasing (days 43-50 
for litter 1; days 36-42 for litter 2). It could be hypothesized that this trend further demonstrates that 
object play is indeed a form of "play" and not merely vacuum activity since the pups are demonstrating 
increased "playfulness" at this age. 
Social object play (pup-pup-object) only increased in frequency during the time period at which 
playfulness was most frequent (as a proportion of all social interactions). While outright aggression over 
objects was not observed in either litter, early approaches to a pup playing with an object were met with 
defense and avoidance (e.g. taking the object out of reach of the potential play partner) or on rare 
occasions, threats. In the more playful litter 2, objects were also used as play solicitors. On several 
occasions in this litter, a pup would terminate a non social object play bout by carrying an object over to a 
potential playmate and repeatedly pick it up and place it in front of the pup. The adult male in litter 2 was 
observed to approach a pup engaged in object play on two occasions. While the adult and pup did not 
engage in any form of social object play (e.g. tug of war), the male proceeded to face paw towards and 
repeatedly bite the object alongside the pup. 
Without comparable data for wolves and coyotes, few direct comparisons on the form of object play 
between wolves, coyotes and red wolves can be made. However, following Biben's (1982) hypotheses 
regarding object play and adult sociality, the red wolf follows the "group hunter" pattern hy sharing rather 
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than competing for objects and spending as much time in object-oriented interactions as non-object 
oriented social interactions. However, as the data from the current study illustrate, data on the ontogeny of 
object play should also be reviewed in light of the ontogeny of social interactions for a more complete 
analysis of the variables affecting the form and developmental schedule of object play. 
Parent-Offspring Interactions 
Consistent with the data reported for other canids, red wolf pups spent significantly more time in proximity 
to the female than the male throughout the study period (Mech 1970; Ryan 1986; Fentress et al. 1987). 
In both litters the male also played a significant role in the development of the pups (Ridley 1978; 
McDonald & Moehlman 1982; Malcolm 1985 ), though the quality of this role differed between litters. 
Since general proximity scores were calculated any time that the focal pup was within 5 feet of an adult, 
the frequency and quality of interactions may be better indicators of the direct impact of parental interac-
tions on the socialization of each litter. For example, female-pup interactions were less frequent than 
male-pup interactions throughout the entire study period for litter 1, and during days 43-50 for litter 2 . The 
role of the female in both litters was tied directly to the direct provisioning of food (nursing only in both 
litters) and cleaning/investigation in litter 2. While the male in litter 1 regurgitated to the pups on a daily 
basis, male-pup interactions were strictly agonistic in nature. In litter 2, no regurgitation was observed 
(though one unsuccessful attempt was observed by the male) and towards the end of the study period, the 
male was seeking the proximity of and interacting playfully with pups. 
Though correlational, it should be noted that the litter 1 male was more aggressive than litter 2 male (both 
towards the pups and the author) and the frequency of pup-pup aggression was higher in litter 1 than litter 
2. Similarly, litter 2 male was more playful with the pups and the frequency of pup-pup play was higher in 
litter 2 than litter 1. Additionally, litter 2 adults (both male and female) were remarkably proficient in 
cleaning the ana-genital region of pups following urination or defecation or in merely investigating the 
region upon an approach towards a pup. This form of adult-pup behavior was observed more frequently in 
litter 2 than litter 1. Litter 2 pups also exhibited the pup-pup ana-genital investigation behavior at a much 
higher frequency than that observed for litter 1. Intraspecific variability in behavior is widespread in 
carnviores (Fox 1970; Bekoff et al. 1984) though the potential impact of the variability in the quality of 
adult-pup interactions on the ontogeny of red wolf pup behavior deserves further study. 
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Potential sources of error in the current study include poor pup visibility at times and the difficulty in dis-
criminating play-fighting from real fighting (compounded by the fact that vocalizations were rarely 
audible). In captivity, red wolves are housed in naturalistic enclosures which make detailed study of the 
frequency of specific action patterns very difficult for several reasmis. First, distance of the observer from 
the pups may have contributed to a low frequency of more subtle behavior patterns (e.g. inguinal response, 
general head and eye changes which indicate play solicitation). Second, as pups moved, especially as they 
aged and utilized a greater area of the exhibit, they moved in and out of visibility. Interactions may have 
been incorrectly documented in form and duration if the pair ended an interaction while in view and then 
moved out of view where the interaction continued and/or changed in motivation. 
While the discrimination of agonistic from play sequences many times would not have possible without the 
detailed data collection from recorded video-tape, many sequences remained difficult to code. A major 
contributor to this dilemma was the inability to accurately hear vocalizations due to distance from the pups 
as well as ambient noise. Additionally, play signals are poorly developed when young and more subtle 
action patterns may have been missed. It is also not known how much the presence of the observer 
affected the behavior in litter 1. While litter 2 adults habituated quickly to the presence of the observer ac; 
well as the general public, litter 1 adults were housed in an off-exhibit area and were more wary of the 
observer throughout the study. It is not known whether this contributed to the more aggressive nature of 
the litter. 
Conclusions and Recommendations for Future Research 
The patterns of physical and behavioral development in the red wolves observed in this study share many 
similarities with both gray wolves and coyotes (Figure 28). Red wolves exhibited physical development 
patterns consistent with that reported for other canid species, with the exception of a unique tooth eruption 
order. Behavioral trends observed in the red wolves were both intermediate to that of coyotes and wolves 
and shared characteristics of each. The form of pup behavior patterns did not differ qualitatively from that 
previously documented for either gray wolves or coyotes. However, pups simultaneously 
exhibited"species-specific" behavior patterns previously attributed to both wolves (leap leap, prolonged 
jaw wrestling) and coyotes (inguinal response, defensive gape). No unique or potentially "species-
specific" behaviors were documented. The time-course of the differential development of play and 
aggression in the red wolves is also intermediate to that previously documented for coyotes and gray 
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wolves. While aggressive interactions leading to the wolf dominance hierarchy are commonly not thought 
to occur until much later in development (post 50 days of age), severe ritualized fights occur early in 
coyote ontogeny (days 21-28). In the current study, red wolves did not play socially until levels of 
aggression had declined. However, severe fighting was not observed and therefore insufficient data were 
available to accurately document that reciprocal social play only occurred once a dominance hierarchy had 
been established. In sum, the developmental data presented in this study do not support the discrimination 
of the red wolf from coyotes or wolves on the basis of behavioral ontogeny, nor do they exclude a hybrid 
origin hypothesis. 
Findings in this study demonstrate that non social object play in red wolves is the prevalent form of object 
play until aggression has declined and reciprocal social play has more fully developed. This form of red 
wolf object-play may support hypotheses related to species-specific trends of group hunting and living: 
young red wolves share rather than compete for objects and spend as much time in object-oriented interac-
tions as non-object oriented social interactions. Parent-offspring interaction data indicate that red wolf 
adult-pup interactions may be more affiliative than that reported in some coyotes and that the male plays a 
significant role in the development of pups. 
Specific areas for future research which were not covered in this study include the development of play 
and agonistic action patterns from days 21-28 as well as post 50 days of age. Data from these time periods 
may provide evidence to support the trends seen in this study from days 29-50. Correlates to intra-specific 
variation and particularly the effect of individual differences in parental behavior on the behavioral 
development of their offspring also need to be studied. Data from additional subjects are needed to 
compare to the trends documented in these two litters. Additionally, studies exploring the potential 
function of the pup-pup ano-genital investigation behavior may provide further insight into the 
development of early social bonds. In this light, additional research is also needed on the more subtle 
behaviors associated with dominance. In conclusion, it is hoped that the current study has described 
preliminary fmdings related to the ontogeny of red wolf social behavior and that future studies examine 
both the integrity of these trends as well perform additional comparisons to the closely related wolf and 
coyote. 
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Table A-1. Captive red wolf ontogeny ethogram. Behaviors derived from personal observation (T. 
Wagener) as well as modified and adapted from published canid ethograms including Loeven (1993); 
Bekoff (1974); Knight (1978); Lyndaker (1978) and Lindsey (1987). Codes used during scoring are 
indicated within ( ). Behaviors preceded by an* were observed in both playful and agonistic interactions. 
However, the behavior is categorized by the most frequently observed motivational context. 
AGONISTIC BEHAVIOR 
States 
Agonistic( AN) 
Fight (FI) 
Events 
Attack (AT) 
Social interaction marked by either a full fight (see below) or reciprocal 
threatening body positions including the presence of one or more of the 
following: a stiff erect posture, threatening facial expression and/or aggressive 
vocalization. 
An interaction in which subject approaches another followed by mutual growl-
-ing, threatening and biting. This is followed by both subjects growling, rising 
onto their hind legs and batting at each other with the forepaws or grasping each 
other around the neck or shoulders (sparring), growling, threatening, and each 
attempting to pin the other to the ground. Interactions in which only one subject 
used these behaviors were scored as attacks (see Event Behaviors) rather than 
fights. Fights which ended with neither subject rolling onto its back or side to 
signal submission (rollover) were called unresolved fights. Behaviors per 
formed during a fight were scored for frequency only. 
Subject approaches another with growling, threatening and biting. May be fol-
lowed by subject rising on its hind legs and batting at the other with its 
forepaws. If behaviors are reciprocated, scored as a fight. 
Aggressive Vocalization Growl. 
(AV) 
Back arch (BA) Subject raises its back while standing; observed during or immediately follow-
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*Complete S tandover 
(SO) 
Distress Vocalization 
(DV) 
Domination (DO) 
Gape (DO) 
Grin (GR) 
Hip Slam (HS) 
-ing an agonistic interaction. 
Subject places its forelegs (completely extended) on another between th~ front 
and hindquarters and attempts to remain over the recipient if it tries to move. 
Usually preceded by a chin rest. Scored by food context also (within 1.5 feet of 
food source or not). 
Whining or high-pitched yelping usually associated with agonistic interactions. 
Not scored as a distress vocalization if accompanying soliciting. 
An agonistic interaction in which one or both subjects performed agonistic 
behaviors (aggressive vocalizations, threats, hipslams, bites etc.) and one sub-
-ject rolled over onto its side or back (the rollover). 
Facial expression characterized by open mouth and retracted lips; observed in 
defensive agonistic contexts. 
Facial expression in which subjects slightly opens mouth horizontally exposing 
teeth; observed in submissive agonistic contexts. 
Subject swings its hips towards another and uses the motion to 
terminate the interaction or displace the recipient. Observed during agonistic 
interactions. 
*Incomplete Standover Subject places its forelegs (not fully extended) on another between the front and 
(IS) hindquarters and attempts to remain over it if the recipient tries to move. Many 
times preceded by a chin rest. Scored by food context also (within 1.5 feet of 
food source or not). 
Mount <Mn Subject stands behind another and rests on its back with its forepaws clasped 
around the recipient's midsection or pelvic region. 
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*Rollover (RO) Subject falls or lies on its side or back with hind legs raised and ears back. 
Scored as passive, active or play fight to indicate the context. 
AFFIT..IA TIVE BEHAVIOR 
States 
Follow (FO) 
Interaction (IN) 
Play (PL) 
Play-ambusblstalk 
(PL-AM) 
Play-locomotor 
(PL-LO) 
Play-one up/down 
Subject locomotes directly behind another 
An interaction which is ambiguous in context; not clearly play or agonistic in 
nature. 
An interaction which is marked by the reciprocal use of at least one of the 
following behaviors: approach/withdrawal, exaggerated approach, face paw, 
leap, leap leap, play bow, tail wag approach and face , scruff or general body 
bites. Behaviors performed during a play bout were scored for frequency only. 
Play was categorized as ambusblstalk, locomotor, one up/onedown, multiple 
actor, wrestle or unreciprocated (see defmitions below). Interaction may seem 
purposeless, action patterns from other contexts may be used and temporal 
sequencing may be altered (Bekoff 1984) 
Subject either (1) lies or sits in one place, stares at another, and then pounces or 
rushes when it the recipient approaches or (2) takes slow, deliberate steps 
towards another with its body held close to the ground. Scored ac; ambusblstalk 
play only if the recipient responds; scored as unreciprocated play if it does not. 
Subjects run, trot or walk together, around or in pursuit of each other occasion-
ally making body contact. The interaction is scored a'> locomotor if only 1 
contact is made between locomotions. Scored as contact play if> or = 2 
contacts are made in succession with no locomotion between them. 
Play type in which one subject is standing or sitting with the fore and/or back 
59 
(PL-UP) 
Play-multiple actor 
(PL-MA) 
Play-wrestle 
(PL-WR) 
Unreciprocated Play 
(UP) 
Events 
*ADo-genital 
Investigation( GI) 
Approach (AP) 
Approach/Withdrawal 
(WI) 
Chin rest (CR) 
Clasp (CL) 
legs extended while the other is prone. 
Play type involving more than two participants. 
Play type in which subjects are sitting, standing or moving around each other 
while making frequent body contact. 
Subject directs any play intention behaviors (see designated Event Behaviors 
below) towards another who does not respond, tries to avoid the initiator, or 
becomes aggressive. If both pups used aggressive actions following the play 
initiator, the interaction was also scored as agonistic. 
Subject investigates the ano-genital region of another by either sniffing (genital 
inspect) or licking (genital lick). The latter was only scored if licking was 
clearly observed. If the interaction was clearly agonistic, it was scored as such 
though the any genital licking was scored as well. 
Subject locomotes toward another with its attention clearly directed towards it. 
Play initiator in which subject approaches another immediately followed by a 
movement demonstrating physical intent to move away (e. g. rock back and 
forth) . 
Subject rests its chin on the back of another. Observed during a contactual cir-
-cle or immediately prior to a standover. 
Subject grasps another's midsection and/or pelvic region with its forepaws; dis-
-tinguished from a mount in that orientation is not always from behind the 
recipient. 
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Contactual circle (CC) 
Exaggerated Approach 
(EA) 
*Face bite (FB) 
Face bump (BU) 
Face lick (FL) 
*Face paw (PA) 
-- ---------------------------------------------------, 
Interaction in which two pups circle each other while in close contact usually 
performing concurrent chin rests. 
Play initiator in which subject approaches another with a bouncy gait or a rush; 
head and shoulders are frequently moved from side to side. 
Subject directs bite or bite intention towards another's face area. 
Following a leap towards another, subject bumps into the body of another with 
its face. 
Subject licks the face of another. Scored only if contact is made. 
Subject uses foreleg to strike at/towards face or body of another; scored as pas-
-sive, submissive or play fight context. 
*General Body Bite (GB) Subject directs bite or bite intention towards another' s body. 
*Headshake (SK) 
*Lean (LN) 
Leap (LP) 
Leap leap (LL) 
Subject moves head vigorously from side to side while biting (full or inhibited) 
another. 
Subject uses its body to push against another; subjects are generally immobile 
otherwise. Action may result in the recipient being pushed off balance. 
Play initiator in which subject jumps into the air (all four legs) as it approaches 
another. 
A play initiator in which the subject jumps up into the air 2 times as it 
approaches another. Previously demonstrated to potentially be a species-
specific action pattern (Bekoff, 1974). 
61 
Play Bow (BO) 
*Scruff Bite (SB) 
Tail Wag (TW) 
Tail Wag Approach 
(TA) 
*Terminate (TE) 
Play initiator in which subject crouches on forelegs while elevating its rear legs. 
Subject directs bite or bite intention towards another's shoulder area. 
Subject is standing and not moving, yet tail is moving horizontally from side to 
side. Attention is usually directed towards another. 
Subject locomotes towards another while moving tail horizontally from side to 
side. 
Subject terminates an interaction by turning or locomoting away from another 
or becoming immobile. 
ADULT-PUP BEHAVIOR 
States 
Affiliatory (M-AF or 
F-AF) 
Agonistic/Disciplinary 
(M-BI or F-BI) 
Investigation (M-IN or 
F-IN) 
Nurse (NU) 
Proximity (PR) 
Adult-pup interaction which included any of the following behaviors: play-
soliciting, pup to adult general body bites, muzzle-muzzle contact or face-
licking. 
Adult-pup interaction which an adult directs at least one full or inhibited disci-
plinary bite towards a pup. 
Adult-pup interaction in which adult (male or female) performs an ano-genital 
lick or investigation towards a pup. 
Subject is consuming milk from the dam. 
Subject is within I adult body length (approximately 5 feet) of another. Scored 
as proximity-female (PF), proximity-male (PM), proximity-both (PB)or no 
proximity (PN). 
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Solicit <sn 
Events 
Subject follows dam or sire while repeatedly jumping towards their muzzle 
and/or whining. 
*Inguinal Response (IR) Subject either lifts its hindleg off the ground or rotates it slightly following 
contact to the inguinal region. Scored only if observed during a pup-pup 
interaction, not during an adult-pup interaction such as anal-genital cleaning by 
the adult. 
Regurgitation (RE) Subject vomits food, which is consumed by others. 
OBJECT -ORIENTED BEHAVIOR 
States 
Object Play (Social) 
(OS) 
More than one subject plays with an inanimate object .Behavioral events per-
formed during an object play bout include toss, carry, bite, paw, shake, leap, 
approach/withdraw, play bow, and tug-of-war. If two subjects were playing 
with the same object yet attention was clearly directed towards the object exclu-
-sively, the bout was scored as object play-non social. 
Object Play (Non social) Subject is playing with an inanimate object by itself, or if with others, its atten-
(ON) 
Events 
Carry (CA) 
Toss (TO) 
Tug-of-war (TG) 
tion is towards the object and not the other subjects .. Behavioral event<> per-
formed during an object play bout include toss, carry, bite, paw, shake, leap, 
approach/withdraw, and play bow. 
Subject locomotes while holding an object in its mouth. 
Subject throws object from its mouth by moving its head upwards quickly. 
Subject holds object in its mouth while another grasps o~ject and subjects pull 
63 
GENERAL ACTIVITY 
States 
Den (DE) 
Eat (ET) 
Explore (EX) 
Locomote (LO) 
Not Visible (NV) 
Other (OT) 
Self Play (SP) 
Sleep (SL) 
Events 
Over Mark (OM) 
Pass (PA) 
Scrape Mark (SM) 
in opposite directions (scored in Object Play-Social). 
Subject is inside artificial den structure; out of sight. 
Subject consumes dry dog food. 
Subject is alternatively locomoting, pawing and/or sniffing an object or general 
area. 
Subject moving at either a walk, trot or run. 
Subject is not visible due to distance, lighting, tree or vegetation, etc. 
Subject performs a behavior not covered by any other state category (most fre-
-quent other behaviors included standing, sitting, and self groom) 
Subject chases its own tail, bites its own limb(s), etc. 
Subject lying down, unmoving with eyes closed. 
Subject urinates or defecates over the area in which another previously urinated 
or defecated. 
Subject locomotes near another (within 1 body length) which is also locomoting 
but in an opposite direction; animals do not interact. 
Subject uses its front and/or back paws to tear at the ground. Usually 
observed following urination or defecation. 
64 
Urinate (UR) Subject expels urine. 
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